Applying Intermediate Microeconomics to Terrorism
Students expect a microeconomics course to explore the behavior of consumers, producers, and governments in the marketplace. What they find surprising is how far and wide the economic theory of choice casts its net in exploring human behavior. In this article we apply the utility maximization model to terrorists' resource allocation and targeting behavior and to governments' counterterrorism efforts. We also discuss selected game theoretic aspects of terrorism and counterterrorism. In the conclusion we highlight the benefits of teaching the economics of terrorism in intermediate microeconomics.
SOME BACKGROUND ON TERRORISM Definition
There is considerable debate among scholars over how terrorism is to be distinguished from other forms of violence, such as armed robbery or nation-state warfare (Hoffman 1998, ch. 1). For the purposes of this paper, we adopt Sandler and Hartley's (1995, 308) definition of terrorism as "the premeditated use, or threat of use, of extra-normal violence or brutality to gain a political objective through intimidation or fear." By this definition, terrorism is fundamentally political in the sense that terrorists desire to "change the system," something that is not a priority for ordinary criminals (Hoffman 1998, 42) . Unlike nation-states, terrorists operate outside the usual rules of warfare pertaining to civilians, diplomats, prisoners, and neutral parties. Hence, terrorist acts involve extra-normal violence such as indiscriminate attacks against civilians, hostage-taking of diplomats, and execution of kidnapped military officers (Hoffman 1998, 34-35) . Finally, note that terrorist activities are rich in externalities because they are designed to have psychological effects that extend beyond the immediate victims.
Historical Data
Selected annual series involving international and/or domestic terrorism worldwide are shown in Figures 1-3 ; underlying data are available Table A RAND-MIPT has compiled annual data for international terrorism from 1968 and for domestic terrorism from 1998. 1 Figure 1 shows the time paths for international terrorist incidents and for domestic terrorist incidents (divided by 10). Three summary observations follow. First, contrary to popular impression, no upward (linear) trend is evident in the international incidents series for the full sample period 1968-2003. 2 Despite the notoriety of the 9/11 attacks in the United States, the number of international incidents is below the mean in five of the last six years in Figure 1 .
Second, domestic terrorism incidents around the world are much more numerous than international incidents, at least for the limited period of 1998-2003. Third, there is a strong positive correlation between the number of international and domestic incidents, again for the limited period for which data are available. Given students' interest in international terrorism and the limited availability of domestic terrorism data, the remainder of the paper focuses on international terrorism.
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Figure 2 shifts attention to casualties (deaths plus injured) and casualties per incident caused by international terrorism worldwide. In contrast to Figure 1 , upward trends are evident in both series, suggesting that international terrorism is increasing in severity. 3 Particularly noticeable is the higher casualty rates since the end of the Cold War. Enders and Sandler (2000) studied the increased deadliness of terrorism using time-series techniques and concluded that terrorist incidents since 1991 (through 1996 in their data) were 17 percentage points more likely to result in casualties relative to incidents in the preceding two decades. They and other analysts attribute the increased deadliness to the growth in religiously-motivated acts of terrorism (Enders and Sandler 2000, 329-330; Hoffman 1998, ch. 4; Juergensmeyer 2000 ; for criticisms of "religion and violence" perspectives on terrorism, see Cavanaugh 2004) .
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Figure 3 summarizes the frequency of international terrorist strikes against political and civilian targets. While recognizing that all terrorist incidents by definition are fundamentally political, we classify terrorist attacks against governments, diplomats, or the military as political.
Civilian targets involve strikes against airlines and airports, businesses, journalists, nongovernmental organizations, private citizens and property, religious organizations, transportation assets, and utilities. Figure 3 shows that international terrorists in the aggregate chose civilian and political targets with roughly equal frequency during the Cold War years. Since 1990, however, a greater frequency of civilian relative to political targets has emerged.
Figure 3 here RATIONAL CHOICE MODEL OF TERRORISM
The rational choice model can be applied to terrorism by assuming that individuals and organizations have preferences over terrorist as well as ordinary activities. For most purposes, it is sufficient to carry out the analysis in terms of two commodities, terrorism T and composite good C, where the latter is defined as real expenditures on all goods other than T. 4 Standard indifference curves can be used to show terrorists' preferences over T and C, with T on the horizontal axis. A relatively high degree of curvature of the indifference curves would imply a relatively low degree of substitutability between T and C. If terrorists are particularly strident in their willingness to sacrifice some C to achieve an increment to T, they would have steep indifference curves in T-C space. Non-terrorists receive no utility or even disutility from T, so their indifferences curves would be flat or upward sloping.
For some applications, terrorist preferences can be assumed over alternative targets, for example, political and civilian targets. The lesser the curvature of the indifference curves, the more willing terrorists are to substitute among targets. Regarding al Qaeda's targeting philosophy, Osama bin Laden has been quoted: "We do not differentiate between those dressed in military uniforms and civilians. They're all targets." 5 Taken at face value, the statement suggests that al Qaeda's indifference curves over military and civilian targets may be virtually linear (perfect substitutes). Horizontal or vertical indifference curves would apply to terrorists who are strictly motivated to strike one target class but not the other.
For general applications, we assume that terrorists have income I, which can be allocated over T and C according to the budget constraint I = P T T + P C C, where P T is the price (cost) of carrying out terrorist activities and P C is the price of the composite good. For applications pertaining to targeting, we assume that an exogenous amount of resources R T are allocated to terrorist activities. The budget constraint then becomes R T = P 1 T 1 + P 2 T 2 , where T 1 and T 2 are targets (e.g., political and civilian) and P 1 and P 2 are the prices of carrying out the respective missions.
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Assuming an interior solution, the utility maximizing choice of T and C occurs where the absolute value of the marginal rate of substitution of T for C is equal to the relative price of terrorism P T /P C . Geometrically, this is shown by the tangency of the terrorist organization's indifference curve to its budget constraint. By altering the key parameters of the rational choice model (i.e., income, prices, preferences), various aspects of terrorism behavior and counterterrorism policy can be explored.
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APPLICATIONS OF THE RATIONAL CHOICE MODEL Terrorist Access to Resources: Income-Consumption and Engel Curves
Terrorist groups are dependent upon financial resources to carry out terrorist activities, so they obviously strive to maintain or increase their income. In Figure 4 (a), assume the terrorist group has carried out a spectacular hijacking (e.g., 9/11) or hostage incident (e.g., 1972 Munich Olympics), which generates publicity and new financial support for the terrorist group among its sympathizers. This shifts out the group's budget constraint from aa to bb, which allows the group to acquire more terrorism and other goods. The income-consumption curve in Figure 4 (a)
implies an Engel curve for terrorism in Figure 4 (b), which can be used to explore the income elasticity of terrorism. If the composite good, consisting largely of consumer goods like food, clothing, and housing, is viewed by terrorists as a necessity, then C would be income-inelastic.
Because weighted income elasticities sum to one, this would imply that terrorism is incomeelastic, as reflected in the relatively flat slope of the Engel curve in Figure 4 (b). 
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Terrorist Response to Price Changes: The Price-Consumption Curve
In addition to income policies, governments attempt to thwart terrorism with price policies. For example, greater defense of potential targets, attacks against terrorist training centers, capture of terrorist leaders, and infiltration of terrorist groups increase the price of terrorism P T . Raising the opportunity cost of terrorism by making terrorist activities more expensive is classified by some scholars as deterrence policy. In contrast to deterrence policy, Frey and Luechinger (2003) investigate the potential for "benevolence policy" to reduce terrorism. A benevolence policy raises the opportunity cost of terrorist activities, not by increasing the price of terrorism, but by reducing the price of the composite good. A benevolence policy also raises the opportunity cost of terrorism, but it does so by increasing terrorist access to other goods by lowering P C . This is shown in Figure 5 by budget line ca. Again, the steeper budget line reflects a higher opportunity cost of terrorism. Under the price-reducing benevolence policy, terrorists choose a reduced level of terrorism, which for convenience is drawn equal to T 2 , the same level as under deterrence.
Figure 5 here
In Figure 5 , the decrease in P C reduces terrorism from T 1 to T 2 . However, it is also logically possible for a decrease in P C to have the opposite effect and instead increase terrorism. 
Terrorist Substitution Possibilities and the Slutsky Equation
An important general issue raised by terrorism-thwarting price policies is the potential for terrorists to substitute into other activities. For example, the question raised by consideration of benevolence policy is whether terrorism will increase or decrease in response to a lowering of P C . A similar issue arises when considering whether greater protection of political targets will increase or decrease terrorist attacks against civilians. The scope of terrorist substitution possibilities is extensive. For example, terrorists can substitute between terrorism and ordinary goods, across target classes, among weapons technologies, across countries, and over time (Sandler 2003, 794-796) . The rational choice model cannot by itself provide unambiguous answers to the direction and magnitude of terrorist substitution behavior. It can, however, provide valuable guidance.
The guidance comes from the rational choice model's well-known Slutsky equation. In terms of elasticities, the equation can be formally stated for the case of terrorist substitution into activity i given a change in the price of activity j, ε ij , as:
where ij σ is the compensated price elasticity of activity i with respect to a change in the price of activity j, j α is the budget share of activity j, and i η is the income elasticity of activity i.
When i=j in equation (1) When i≠j, the Slutsky equation can be used to study terrorist substitution across activities.
For example, the Slutsky equation can be applied to the question above of whether a benevolence policy lowering P C would increase or decrease terrorism. Let i be terrorism and j be the composite good encompassing food, clothing, shelter, etc. The Slutsky equation decomposes the elasticity of terrorism with respect to a change in the price of the composite good into substitution and income effects. Recall from rational choice theory that not all goods can be net complements. Hence, in the case of two goods only, T and C must be net substitutes. This means that the substitution effect is necessarily positive (with lower P C implying lower T). The substitutability between terrorism and other goods is presumably limited, however, implying that the substitution effect is small. For the income effect, the minus sign on the Slutsky equation's second term shows that a decrease in P C causes an increase in real income, where the increase is larger the greater is the composite good's budget share. Due to the minus sign, the sign of the income effect will be opposite that of the income elasticity of terrorism. Both intuition and evidence (see Krueger and Malečková 2003) indicate that terrorism is a normal good such that the income elasticity is positive. This, together with a presumably large budget share for the composite good, suggests that the income effect will be negative (with lower P C implying higher T) and large, possibly dominating a small positive substitution effect. Hence, there is good reason to believe that the sign of TC ε is in fact negative, meaning that a decrease in the price of the composite good would actually increase terrorism.
The Slutsky equation can be applied to other terrorist substitution possibilities. Consider Table 1 , which shows the decline in hijackings in absolute terms and as a percent of international terrorism incidents following the placement of metal detectors in airports around the world in 1973. Table 1 seems consistent with rational choice theory whereby an increase in the relative price of hijackings was associated with a decline in the absolute and relative number of hijackings. What about terrorist substitution possibilities into other modes of attack following the new constraint against hijackings? Sandler (1993, 1995) employ time-series analysis to ascertain the effects of policies directed at inhibiting attacks on particular targets.
Among their stronger results, they show that the placement of metal detectors had the unintended consequence of significantly increasing hostage incidents and assassinations. In terms of the Slutsky equation, this suggests large positive substitution effects across targets and at most only partially offsetting income effects associated with the increased price of hijackings.
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Preference Policies
Although economists often take preferences as given and then focus on the effects of income and price changes on key variables, counterterrorist efforts to modify terrorist preferences are worth considering. 10 Presumably the goal of counterterrorist preference policies is to make terrorist preference maps horizontal in T-C space, such that terrorists receive no utility from terrorist activities. In the rational choice model, an important exogenous variable that might alter preferences is advertising. Since terrorist preferences appear to be formed within a complex web of cultural, historical, political, and idiosyncratic variables, it may be overly optimistic to believe that counterterrorist "advertising campaigns" by governments could flatten terrorist preferences. Nevertheless, there may be some important effects of advertising at the margin.
Consider, for example, the Iraqi prisoner abuse scandal of 2004. It is likely that the degrading images of Iraqi prisoners hardened the preferences of terrorists against the United
States. It may have also created terrorist preferences among some individuals who previously had flat indifference curves in T-C space. Hence, the prisoner abuse scandal can be seen as a form of "negative advertising" that may have reshaped terrorist preferences toward more terrorism. The obvious implication is that counterterrorist policy should reduce the risk of catalytic events such as the prisoner abuse scandal or the accidental bombing of religious sites.
"Positive advertising" campaigns can and do take many forms. For example, governments are aware of regions of the world where terrorists reside or where the potential for terrorist recruiting is relatively high. Some of these regions face a relatively high risk of natural disasters (earthquakes, hurricanes, etc.). Extra-normal publicity of natural disaster relief by the United States in these regions might affect terrorist preference formation at the margin.
Of course, terrorists also carry out advertising campaigns. Terrorist recruiters portray the evils of the enemy and attempt to convince people about the rightness of their cause. Hence, governments and terrorist organizations can be viewed as engaged in an "advertising war" for the hearts and minds of people in strategic locales such as Iraq, Afghanistan, and Saudi Arabia. In this advertising game, each side tries to gain "market share" by affecting what people know, or think they know, about themselves, governments, and terrorists. The advertising game is just one of many dimensions of game theoretic interaction between terrorists and governments.
GAME THEORETIC PERSPECTIVES OF TERRORISM
The strategic interdependence between terrorists and governments, and between governments themselves as they attempt to thwart terrorism, implies that game theory can be a useful supplement to the rational choice model in the analysis of terrorism. In this section we selectively apply basic game theory to terrorism. The applications that follow allow students to see a variety of concepts, principles, and games from intermediate microeconomics texts such as Pareto efficiency, public goods, externalities, backward induction (or rollback), and the prisoners' dilemma.
Government-Terrorist Hostage Game
Lapan present an extensive form game showing the time pattern of choices between a terrorist organization considering a hostage mission and a government deciding whether to negotiate for the hostages' release. The game tree for the hostage event is shown in Figure 6 . The government chooses deterrence expenditure, D, which we treat as a sunk cost. The game tree begins with the terrorists deciding whether or not to attack. If the terrorists do not attack, the status quo obtains with a payoff of 0 to each player. If the terrorists attack but fail to capture the hostages, they endure payoff -L<0. The government also bears a loss from a failed terrorist mission (e.g., loss of life of security forces, expenditure of resources), which is equal to -A<0 in Figure 6 . If the terrorists attack and succeed in capturing the hostages, the government must decide whether to negotiate with the terrorists. If the government negotiates, the terrorist organization obtains a payoff of M>0 and the government suffers a loss of -B<-A.
If the government does not negotiate, the terrorist organization receives payoff N<M, where N may be positive or negative. When the government does not negotiate, it suffers a loss -C<-B.
The probability of terrorist logistical failure is θ and the probability that the government negotiates given terrorist logistical success is p.
Figure 6 here
From the game tree in Figure 6 , the expected payoff Z to the terrorists from initiating a hostage mission is (Lapan and Sandler 1988, 17) :
If Z>0, the expected payoff to the terrorists from initiating a hostage incident would be greater than the payoff of the status quo. Assuming the terrorists initiate a hostage event and achieve logistical success, the rational thing for the government to do in a one-shot game is to negotiate with the terrorists (set p=1) and endure a loss of -B rather than the greater loss of -C. The terrorists, using backward induction, can deduce that the rational play of the government is to set p=1. Hence, the terrorists can assume that the expected payoff from a hostage mission would in actuality be Z = -θL + (1-θ)M, which is greater than the Z value in equation (2) for all p<1.
The hostage game in Figure 6 is similar to an entry deterrence game, whereby a monopolist faces a threat of entry of another firm into its market. The monopolist can attempt to deter entry of the other firm by threatening to increase output and lower price should the rival enter. The problem for the monopolist is that, if the other firm enters, it is not in the monopolist's interest to lower its price after the fact. The potential entrant can thus dismiss the price-reducing threat of the incumbent as being not credible. The equilibrium outcome in the entry deterrence game is for the potential entrant to enter and for the monopolist to not lower price (Varian 2003, 509-510) .
The government and terrorists in Figure 6 are analogous to the monopolist and potential entrant. One way for a government to deter a terrorist organization from initiating a hostage mission is to pre-commit to not negotiate with terrorists (setting p=0 in equation (2)). Since N<M, the non-negotiation commitment of the government, if believed by the terrorists, lowers the terrorists' expected payoff and potentially deters entry of the terrorists into a hostage mission.
Just like the monopolist's threat to lower price in the entry deterrence game, the government's threat to not negotiate with terrorists calls for it to carry out an action that, after the fact, is not in its interest (-C<-B).
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In the entry deterrence game, the challenge for the monopolist is to make credible its threat to lower price upon entry of a rival, when after the fact, it is not in the monopolist's interest to carry out the threat. One way the monopolist can increase the credibility of its threat is to invest in excess capacity (Varian 2003, 510) . In international affairs, many governments adopt policies that pre-commit them to not negotiate with terrorists. In terms of the game tree of Figure 6 , the pre-commitment policy, if believed by the terrorists, reduces the terrorists' expected payoff from a hostage mission.
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Counterterrorism Games between Governments
The hostage game above investigates strategic interdependence between a terrorist organization and a government. Here we consider the strategic interdependence between governments themselves as they attempt to thwart terrorism. Government efforts to thwart terrorism can be broadly classified as offensive or defensive. Offensive counterterrorism encompasses attacks against terrorist training centers, bases, resources, and leaders; terrorist group infiltration; and diminution of a terrorist group's ability to recruit members. Defensive counterterrorism involves placement of screening devices and barriers in airports and buildings;
risk-reducing protocols for diplomats, businesspeople, military personnel, and tourists; and security alerts for private citizens and civil authorities. Although counterterrorism approaches cannot always be neatly classified as offensive or defensive, the distinction is useful because of various incentive issues faced by nations as they attempt to counter terrorism.
Consider, for example, offensive efforts to degrade al Qaeda. The security benefits of a diminished al Qaeda network are nonrival (can be enjoyed by other nations at zero added cost) and nonexcludable (can be enjoyed by other nations regardless whether they contribute to the efforts). Hence, degradation of al Qaeda is a public good for at-risk nations. According to public goods theory, these nations have an incentive to free ride on one another's efforts, which can lead to under-provision of offensive counterterrorism worldwide.
This quite naturally suggests modeling governments' offensive counterterrorism efforts as a prisoners' dilemma game (see, e.g., Lee 1988 , Sandler 2003 . Assume in the attempt to degrade an international terrorist organization, nations A and B simultaneously choose between two levels of offensive effort High and Low. To introduce explicit payoffs, suppose that strategy pair (Low A ,Low B ) returns 0 to each nation. Suppose further that when either nation increases its effort to High, a resource cost of 6 is incurred by that nation alone, while an added security benefit of 5 is enjoyed by both nations.
The result is the prisoners' dilemma payoff matrix shown in Figure 7 
Figure 7 here
The prisoners' dilemma provides an intuitive explanation for the low levels of offensive counterterrorism effort prior to 9/11 (Cauley and Sandler 1988) . However, the also familiar assurance and chicken games might prove to be more useful characterizations of offensive counterterrorism since 9/11. To illustrate the assurance game, again assume that a nation incurs a resource cost of 6 if it raises its effort to High. Now assume there exist what can be thought of as increasing returns to offensive counterterrorism efforts. If one nation increases its effort to
High, an added security benefit of 2 is enjoyed by both nations, while if a second nation does the same, a further added benefit of 8 is generated.
The result is the assurance game of Figure If free riding is the essence of the prisoners' dilemma, think of "I'll try only if you help" as the intuition of the assurance game. Sandler and Enders (2004, 310-311) suggest that the assurance game characterizes the coalition forged by the United States and Great Britain after 9/11.
There is, however, the suspicion that if the United States had found itself to be a coalition of one, it would nonetheless have increased its offensive counterterrorism efforts. Thus, consider the chicken game. Continue to assume that a nation incurs a resource cost of 6 if it chooses
High, but assume now there exist what might be thought of as diminishing returns to offensive efforts. If one nation increases its effort to High, an added security benefit of 8 accrues to both nations, while if a second nation does the same, a further added benefit of 2 results.
The result is the chicken game of Figure 7 (c), wherein a High effort is optimal when the other nation chooses Low. Leaving the confirmation of payoffs to the reader, note that the nations again have no dominant strategy. As in the assurance game, two pure-strategy Nash equilibriums arise, in this case (Low A ,High B ) and (High A ,Low B ), which are both Pareto efficient.
Nation A prefers the first equilibrium, wherein B contributes the preponderance of effort and A free rides, while B prefers the second. The essence of this game is that each nation believes "something serious must be done" against the terrorists, but each prefers that the other take the lead.
The prisoners' dilemma, assurance, and chicken games as presented here are distinguished by the size and behavior of security benefits relative to resource costs. Clearly, other games are both possible and plausible. For example, if security benefits are sufficiently high, then both nations can have a dominant strategy to commit a High effort. Or, to move away from symmetric games, if the security benefits vary between nations, one nation can have a dominant strategy of High while the other has a dominant strategy of Low. counterterrorism efforts. Game theory models are also helpful in understanding the strategic interdependence between a terrorist organization and a government and between governments themselves as they attempt to thwart terrorism. The natural interest students have in the terrorism problem can be leveraged to enhance students' learning of microeconomics theory.
Moreover, students can better understand terrorism given the insights provided by microeconomic theory.
The microeconomics of terrorism also raises a number of broader methodological issues that students find interesting. For example, asking students whether terrorists are "rational" usually leads to animated discussion, which can eventually be directed to various ways that economists and non-economists characterize rational behavior. Hoffman (1998, 157) states that, "Contrary to both popular belief and media depiction, most terrorism is neither crazed nor capricious. Rather, terrorist attacks are generally both premeditated and carefully planned."
Even though we might question the rationality of terrorist objectives, their methods of reaching objectives are rational in the common use of the term (i.e., premeditated and carefully planned).
From an economic perspective, one can argue that terrorists are rational if, given their objectives, they respond to changes in their constraints in predictable ways (Sandler 1991, 13) .
Another methodological issue that can be explored with students is the applicability of economic methods beyond the traditional boundaries of the discipline. According to Boulding (1971, 255) , "Economics is significant, ...not merely because it investigates an important slice of life in the market place, but because the [choice] phenomena which emerge in a relatively clear and quantitative form in the market place are also found in virtually all other human activities."
Boulding's statement does not mean there are no shortcomings associated with economic methodology, but that virtually all forms of human activity are amenable to economic analysis.
When students see microeconomic theory applied to terrorism, they can better appreciate
Boulding's point and arrive at a richer understanding of the role of microeconomic theory in exploring human behavior. 6. In a more advanced utility maximization model, R T would be endogenous. For example, a utility function over C and T could be posited with T in turn being a function of target choices (inputs) T 1 and T 2 . The terrorist organization would allocate resources, I, over C, T 1 , and T 2 to maximize utility.
7. Although the corner solution of the rational choice model might be considered idiosyncratic in most areas of economics, it may be useful in exploring suicide attacks (Sandler 2003, 784-785) .
8. The results described above follow from the budget constraint and the expenditures test for elasticity. In the case in Figure 5 , when P C is decreased, terrorists spend less on terrorism, since P T is unchanged and T has decreased as dictated by a negatively-sloped price-consumption curve. With fixed income, nominal expenditures on the composite good must therefore increase when P C decreases. Because price and nominal expenditures move in opposite directions, C is price elastic. Hence, a negatively-sloped price-consumption curve and decreased terrorism implies elastic demand. Reversing the argument, elastic demand implies a negatively-sloped price-consumption curve and decreased terrorism. Similar logic applies to the alternative case with a positively-sloped price consumption curve, increased terrorism, and inelastic demand.
For further discussion, see Anderton and Carter (2004 (Hoffman 1998, 71) . In a similar vein, Enders and Sandler (2000, 380) arms to obtain the freedom of three American hostages (Lapan and Sandler 1988, 16 12. For an extension of the hostage game in Figure 6 to a multi-period setting with reputation effects see Lapan and Sandler (1988) .
13. Another well-known game is battle-of-the sexes, whereby each player is better off when they pick the same action relative to the case where they choose different actions. The game has two pure-strategy Nash equilibriums, but the preferences of the players over the equilibriums are in conflict. Battle-of-the-sexes could be applied when, for example, one nation prefers a preemptive war strategy while another nation prefers sanctions and diplomacy.
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